Background: The epidemiologic association between alcohol and rosacea is unclear and inconsistent based on the previous cross-sectional or case-control studies.
R osacea is a chronic inflammatory skin disorder, which affects approximately 16 million people in the United States. [1] [2] [3] Dysfunction in the innate and adaptive immune response, dysregulation of the vascular and nervous systems, and their interplay with the inflammatory response have been implicated in the development of rosacea. [1] [2] [3] [4] Alcohol impairs the vasomotor center of the brain, inducing peripheral vasodilatation, and is known to have a profound effect on the immune system. 5, 6 It has been suggested that resultant cutaneous vasodilatation and proinflammatory effects contribute to the hallmark redness and flushing, exacerbating rosacea. 5, [7] [8] [9] [10] The epidemiologic association between alcohol and rosacea is unclear and inconsistent based on previous studies.
11 -14 Several case-control studies or case series did not find significant associations between alcohol and rosacea. [11] [12] [13] Recently, though, a large case-control study reported an elevated risk of rosacea by increasing alcohol intake.
14 No prospective studies have investigated the association between alcohol intake and the risk for incident rosacea.
In the present study, we investigated the association between alcohol intake and the risk of incident rosacea in a total of 82,737 women from the Nurses' Health Study II (NHS II).
SUBJECTS AND METHODS

Study population
The details of NHS II, a cohort of women, have been described previously. 15, 16 This study was approved by the Institutional Review Board of Brigham and Women's Hospital. The participants' completion and return of the self-administered questionnaires were considered as informed consent. Information on alcohol use was collected in 1991, 1995, 1999, and 2003 . Women in NHS II were asked how often on average they had consumed regular beer, light beer (12 oz), red wine, white wine (4 oz), or liquor (1 standard drink) during the past year. Intake of each beverage was ascertained in 9 categories (number of drinks): none or \1/month, 1-3/month, 1/week, 2-4/week, 5-6/week, 1/day, 2-3/day, 4-5/day, and $6/day. Total alcohol intake was calculated as the sum of the alcohol intake from beer, wine, and liquor, as detailed previously. 17 In 2005, nurses were asked whether they ever had clinician-diagnosed rosacea, and if so, their diagnosis year in time intervals (before 1991, 1991-1994, 1995-1998, 1999-2002, or 2003-2005) . Among women who responded to the 2005 questionnaire (n = 97,476), we excluded rosacea cases that occurred before 1991, with missing diagnosis year (n = 1158), and with missing total alcohol intake information (n = 13,581). A total of 82,737 women remained in the analysis.
Statistical analysis
We calculated person-years from the return date of the 1991 questionnaire to the date of diagnosis of rosacea or the end of follow-up (June 2005), whichever came first.
We conducted Cox proportional hazards analysis stratified by age and 2-year intervals to estimate ageand multivariate-adjusted (for collection of covariates, see the Supplementary Appendix; available at http://www.jaad.org) hazard ratios (HR) and 95% confidence intervals (CIs) for the risk of incident rosacea associated with total alcohol intake and each individual alcoholic beverage. Information on the exposure was updated in 4-year questionnaire cycles, whenever available. Trend tests for total alcohol intake and each individual alcoholic beverage were carried out using continuous measures of these variables by assigning the median to each category. Adjusted Cox proportional hazard models was fitted by using a restricted cubic spline regression analysis to examine the shape of the dose-response relations between alcohol intake and risk for incident rosacea. 18 We examined the association between alcohol intake and risk of rosacea stratified by smoking status. 19 To address the concern of reversecausation bias, a 4-year lag analysis was conducted by excluding rosacea cases documented within the first 4 years of each updated assessment of alcohol intake.
All statistical analyses were conducted using SAS, version 9.4 (SAS Institute, Inc, Cary, North Carolina). All statistical tests were 2-tailed, and the significance level was set at P \.05. Table I shows the characteristics of the women in 1991 by total alcohol intake; 42.3% of the women never had alcohol intake, 38.8% had alcohol intake of 1-4 g/day, and 1.1% had alcohol intake of [30 g/day. Women with high alcohol intake were more likely to smoke and use oral contraceptives.
RESULTS
During 1,120,050 person-years of follow-up, we identified 4945 incident cases of rosacea. Compared with never drinkers, increased alcohol intake was associated with an elevated risk of rosacea (P trend \.0001). The multivariate-adjusted HRs (95% CIs) were 1.12 (95% CI 1.05-1.20) for alcohol intd with an elevated risk for incident rosacea (P trend \.0001). The multivariate-adjusted HRs (95% CIs) were 1.12 (95% CI 1.05-1.20) for alcohol intake of 1-4 g/day,
CAPSULE SUMMARY d
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1.19 (1.08-1.31) for 5-9 g/day, 1.28 (1.14-1.44) for 10-14 g/day, 1.37 (1.20-1.56) for 15-29 g/day, and 1.53 (1.26-1.84) for $30 g/day (Table II) . Results of the spline regression suggest that the dose-response relationship between alcohol intake and risk for incident rosacea were primarily linear (Fig 1) . For individual alcoholic beverage types, we found that increased intake of white wine or liquor was associated with significantly increased risk of rosacea (P trend \.0001 for white wine and P trend = .0006 for liquor) (Table III) . For other individual alcoholic beverages, we did not observe statistically significant associations with the risk of rosacea. Sensitivity analysis fitting 5 alcoholic beverage types into 1 model to test for independent associations showed similar findings, with significant associations for white wine and liquor (data not shown).
Stratified analyses by smoking status showed generally consistent associations between alcohol intake and risk of rosacea in never, past, and current smokers (Table IV) . We did not find effect modification by smoking status on the association between alcohol intake and risk of rosacea (interaction, P = .61).
The 4-year lag analysis did not change the results (data not shown). Secondary analysis examining updated cumulative average intake of total alcohol did not change the results appreciably (Supplemental Table I ; available at http://www. jaad.org). Analyses using updated cumulative average intake of individual alcoholic beverages did not alter the findings from that primary analysis either (data not shown). Sensitivity analysis additionally adjusted for oral contraceptive use, cumulative ultraviolet flux, and personal history of major chronic diseases or sensitivity analysis excluding non-Caucasians also yielded similar results to the primary analyses (data not shown). CI, Confidence interval; HR, hazard ratio. *Adjusted for age (continuous variable), race, body mass index (kg/m 2 , continuous variable), postmenopausal hormone use (premenopause, never, current, or past users), smoking status (never smokers, past smokers 1-4 cigarettes/day, past smokers 5-14 cigarettes/day, past smokers 15-24 cigarettes/day, past smokers $25 cigarettes/day, current smokers 1-4 cigarettes/day, current smokers 5-14 cigarettes/day, current smokers 15-24 cigarettes/day, or current smokers $25 cigarettes/day), and physical activity level (metabolic equivalent hours/week in quintiles).
DISCUSSION
We found that alcohol intake is associated with increased risk of rosacea in a dose-dependent manner. Of individual types of alcoholic beverage, increased consumption of white wine or liquor was significantly associated with an elevated risk for rosacea. The associations were independent of major confounders and remained robust in our sensitivity analyses.
Several cross-sectional and case-control studies have examined the associations between alcohol intake and rosacea with inconsistent results. [11] [12] [13] [14] The findings of a recent large case-control study (60,042 cases and 60,042 controls) using the General Practice Research database (UK) reported a 51% increased risk of rosacea among participants who consumed $25 units alcohol/week (odds ratio 1.51, 95% CI 1.41-1.63), compared with nondrinkers. 14 The effect estimate was similar to our finding for alcohol intake of $30 g/day (odds ratio 1.53, 95% CI 1.26-1.84), although the UK study did not specify the definition for units of alcohol intake. 14 A variety of mechanisms might be involved, including alcohol-induced vasodilation and subsequent temperature elevation. 5 Specifically, alcohol intake might induce catecholamine release, 20, 21 ultimately leading to bradykinininduced facial vasodilation. 22 Alcohol intake has been shown to increase production of inflammatory cytokines. 7, 8 Further, alcohol can induce cell cycle activators, which might contribute to epidermal hyperproliferation in rosacea. 7, 23 Red wine has been posited as a rosacea trigger and a survey by the National Rosacea Society (with n [ 700 rosacea patients) found that red wine was the top food trigger of rosacea, followed by white wine (https://www.rosacea.org/rr/2004/winter/ article_3.php). The extent of flushing after red wine intake is often asked in clinics of rosacea diagnosis. In contrast, our study found that among the individual types of alcoholic beverages, only white wine and liquor were significantly associated with the risk of rosacea. It is therefore likely that developing rosacea and the phenomenon of flushing with red wine intake leading to rosacea exacerbation are distinct. White wine and liquor are the only 2 types of alcoholic beverages with high concentrations of alcohol that lack the anti-inflammatory components (such as flavonoids) that are present in red wine. 24 However, red wine was shown to contain more histamine and other inflammatory factors (such as resveratrol), which might contribute to flushing among rosacea patients. 25, 26 Further investigations are warranted to elucidate the mechanisms underlying the differential associations for individual alcoholic beverages.
Our study has several strengths. Our assessment of alcohol intake was updated every 4 years, and major covariates were updated biennially in the prospective follow-up, thus avoiding misclassification and permitting a detailed examination of the influence of alcohol on rosacea. The large number of women and long-term follow-up facilitated the documentation of a sufficient number of cases of rosacea for robust associations.
We acknowledge some limitations. First, information on lifetime diagnosis of rosacea was self-reported in 2005 and no validation study was conducted. The retrospective data collection of rosacea incidence subjects our results to recall bias. However, because the women are health professionals, their self-reports are expected to be valid. For example, our previous validation study indicated a high validity of psoriasis self-report, with [90% self-reported cases confirmed. 27 Any misclassification of rosacea might tend to be nondifferential according to alcohol intake. We considered the possibility that the association between alcohol intake and incident rosacea might reflect alcohol intake among affected symptomatic subjects who had not yet received a physician-defined diagnosis. However, the 4-year lag analyses excluding rosacea cases that occurred within the first 4 years of each updated assessment of alcohol intake did not demonstrate a change in the associations, which helped address the concern on reverse causation bias. Second, etiologic heterogeneity might underlie different types of rosacea, 1,28 but we did not have information on rosacea subtypes. Third, an epidemiologic study cannot rule out the possibility of residual confounding from unmeasured or imperfectly measured confounders.
In summary, based on a large well-established cohort of women, we found that alcohol intake is associated with an increased risk of rosacea. The associations were particularly significant for elevated intake of white wine and liquor. Our study might have implications of rosacea etiology and the clinical approach to rosacea. 
SUPPLEMENTARY APPENDIX: METHODS
Assessment of covariates in the cohort
Race, ethnicity, and height were reported in 1989. Weight was assessed biennially by self-report. A high correlation between self-reported and measured body weight has been reported. We calculated body mass index as weight in kilograms divided by height in meters squared. Physical activity level in metabolic equivalent hours per week was determined in 1991, 1997, 2001 , and 2005, and these self-reports have been shown to have validity and reproducibility. Starting in 1989, smoking status (never, past, or current) was assessed biennially, and current smokers were asked how many cigarettes they smoked per day in 6 categories (1-4 cigarettes/day, 5-14 cigarettes/day, 15-24 cigarettes/day, 25-34 cigarettes/day, 35-44 cigarettes/day, or $45 cigarettes/day). Menopausal status and personal history of postmenopausal hormone use, oral contraceptive use, cancer, diabetes mellitus, cardiovascular disease, hypertension, and hypercholesterolemia were collected at baseline and updated biennially. Ultraviolet flux for each participant was calculated based on the biennially updated residence information over the follow-up.
